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Introduction
Cerebral Palsy (CP) is the most common motor disability in
childhood, affecting 1 in 345 children in the U.S. Out of the
three motor types, spastic CP affects approximately 82.9%
of children with CP. In 2010, Durkin et al. reported 58.9%
of children with CP could walk independently; however,
41.1% used a hand-held mobility device, or had limited to
no walking ability.1 Functional gait training (FGT) has been
used with and without electrical stimulation (ES) to improve
gait, which in turn can improve the quality of life for this
population. The purpose of this study is to evaluate current
research on the effectiveness of FGT with and without ES
to improve gait speed and endurance, step length, and
gross motor function in young children with spastic CP.

Study Results
Gait Speed and Step Length
FGT Results
• Data synthesized by Moreau et al. indicates a mean increase in
gait speed for FGT, ranging from 0.01 to 0.26 m/s with effect
sizes from -0.17 to 3.20 m/s.6
• Han and Yun reported a moderate increase in effect size of .53
(95% CI, 0.15-0.92) for gait speed and a nonsignificant effect
size of 0.14 (95% CI, -0.36 to 0.64) for step length.3
Figure 3: Effect size at gait speed3

Figure 1: Walking Ability Among 8-Year-Old Children with Cerebral Palsy, Autism
and Developmental Disabilities Monitoring (ADDM) CP Network, 20101

FGT with ES
• This treatment may be applied to the tibialis anterior to
improve toe clearance, and to the vastus lateralis and rectus
femoris to improve knee extension. 4,7
• Shildeler et al. reported that peak knee extension during midstance was 5.2° in the more affected limb and 7.0 ° in the less
affected limb, showing a significant increase in step length.
Gait speed decreased in this study, and was found to be
consistent with observational data from previous research.4

Gait Assessment

Discussion

Conclusion

Based on the results of current research, FGT without
ES resulted in greater benefits as compared to FGT
with ES.
• Research indicates that FGT without electrical
stimulation improved step length between 0.01 to
0.26 m/s as compared to a nonsignificant gait speed
change using ES.6
• Results demonstrate that standard FGT is the best
intervention for improving gait endurance and gross
motor function due to the overall effect size of .85.3
• Evidence from various studies conclude that FGT
alone has the greatest effect on improving gait
patterns for children with spastic CP. 3,6,8
• The research findings of Doucet et al. indicate that
there is a tendency for NMES to alter normal motor
unit recruitment. Motor units are simultaneously
recruited, which can produce sudden, sometimes
uncoordinated, inefficient movement patterns.5

The purpose of this study is to evaluate current
research on the effectiveness of FGT with and without
ES to improve gait speed and endurance, step length,
and gross motor function in young children with
spastic CP.

Figure 5: Diagram of Sites of Central and Peripheral Fatigue5

Figure 2: Observational Gait Scale (OGS)2
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In addition, FGT without ES is the most cost effective
intervention in correcting gait dysfunction in children
with spastic CP.
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Figure 4: Type of NMES Application and Its Effect on Knee Angle4

Another contributing factor in determining the best
intervention is cost.
Gait Endurance and Gross Motor Function
FGT Results
• Based on a meta-analysis by Han and Yun, there was an
overall increase in effect size of 0.85 (95% CI, 0.37-1.34) for
gait endurance.3
• Booth et al. analyzed 7 studies from 1980-2017 that
evaluated gait endurance using 2-minute, 6-minute, and 10minute walk tests. He found that 6 of the 7 studies supported
improved gait endurance with FTG. In addition, results from
this study indicated a statistically significant increase on the
Gross Motor Function Classification Scale (GMFCS) with
scores of level 1.3 or higher.8
• The findings of Han and Yun corroborate these results,
reporting scores on the GMFCS scale of level 3 or higher in
all 8 studies.3
FGT with Electrical Stimulation
• Results reported by Pool et al. showed neuromuscular electrical
stimulation (NMES)-assisted gait, using a Walk Aide, increased
muscle volume and ankle dorsiflexion strength following an 8week intervention. However, using induced muscle activation
produces neuromuscular fatigue.9

Research demonstrates that NMES fatigue depends
on the frequency of pulses due to the elevated torque
on the area. Unlike higher frequencies (50-80Hz), the
use of lower frequencies, usually between 10-30Hz,
will produce “low-frequency” fatigue.
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The Observational Gait Scale (OGS) is often used by
exercise professionals to determine a gait score. This
scale rates various parameters from video recordings to
assess gait treatment outcomes. Specifically, this scale
assesses knee joint and foot position during mid-stance.
The scale includes eight figures that describe specific
information about a client’s gait in the sagittal plane.
The scoring sheet is used for both the left and right lower
extremities, providing a standard score out of 22.2

Based on current research, FGT without ES resulted
in better gait outcomes as compared to FGT with ES.
The research findings indicate that a limitation of
adding ES is that the induced muscle activation leads
to an overall decrease in the efficiency of muscular
contraction, and an increase in neuromuscular fatigue.

The average cost of physical therapy as of 2021 can
range from $20 to $350 per session with most paying $30
per session with insurance, and $125 without insurance.10
If the treatment includes electronic stimulation, the added
cost would be between $100 and $132 per session. If the
patient is insured, there may be a co-pay of $10 to $75
per session. Due to the added cost of electrical
stimulation, it would be more affordable for the patient to
receive FGT without ES. 10
For CP patients, the type of insurance will determine the
financial assistance for all treatments. 10
Therefore, the best and most affordable intervention for
children ages 1 to 12 yrs. with spastic CP, in regard to
correcting gait dysfunction, would be FGT without ES.
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